ABSTRACT. In this study, we report hematocrit and plasma chemistry values for adult captive collared scops owls (Otus lettia) and crested serpent eagles (Spilornis cheela hoya). In particular, we address the gender-specific differences within these values. We measured hematocrit (HCT) and plasma chemistry values for uric acid (UA), plasma urea nitrogen (BUN), total protein (TP), albumin (ALB), glucose (GLU), cholesterol (CHO), triglyceride (TG), aspartate aminotransferase (AST), alanine aminotransferase (ALT), lactate dehydrogenase (LDH), alkaline phosphatase (ALP), total bilirubin (TBIL), creatine (CRE), creatine phosphokinase (CPK), amylase (AMY), calcium (CA), ionic phosphorous (IP) and sodium (NA), potassium (K) and chloride ions (CL) in 37 adult captive collared scops owls and 39 adult captive crested serpent eagles. Significant differences between the sexes were found for UA, GLU and CPK in the collared scope owls. UA and GLU concentrations were significantly higher (P<0.01 and P<0.05) among males than females, while the CPK concentration was significantly lower (P<0.05) in males. There were no significant differences in of all of the measured parameters between male and female eagles. These finding suggested that HCT and plasma chemistry values of raptors vary individually according to species and sex. Our results provide the 1st available reference data for ranges of plasma values in adult captive collared scops owls and crested serpent eagles, making them a potentially useful complementary diagnostic tool for veterinary care of individuals for both species in captivity.
Studies of avian plasma chemistry and hematology have become important to both veterinary care and wildlife conservation and management. Studies relevant to management and conservation of vulnerable species are receiving an increasing amount of attention [5, 7, 8, 27] . Hematology and plasma chemistry may provide valuable data about nutritional status and physical condition of individuals [1, 2, 10, 14, 18] . Avian plasma chemistry is an indirect method of assessing health, because plasma is a medium for the mobilization and transport of nutrients, metabolic products, immune cells and hormones [3] . Metabolic substances and enzymes present in plasma are therefore a reflection of avian nutritional health and overall condition [14] . They are also regarded as very useful complementary tools in the diagnosis and treatment of possible pathological states [9, 21, 31] .
In Taiwan, collared scops owls (Otus lettia) and crested serpent eagles (Spilornis cheela hoya) are protected species with high morbidity rates [6] . Commonly, wounded or sick raptors are rescued and brought to wildlife first aid stations that rehabilitate injured animals and reintroduce healthy animals back into their natural environment. As Spagnolo et al. [35] aptly pointed out, it is essential to guarantee a high chance of survival to release animals and to avoid the introduction of pathogens into the environment. Successful survival and prevention strategies could benefit from combining clinical examinations with analyses to detect hematologic and biochemical abnormalities in rehabilitated animals prior to their release [30, 35] .
There have been an increasing number of studies in recent years devoted to determining comparative values of hematology and plasma chemistry for wild bird species [9, 12, 13, 16, 31] . However, availability of reference values remains limited to only a very small percentage of wild birds. To date, there have been no reported studies describing reference values of hematocrit and plasma chemistry values in collared scops owls or crested serpent eagles. The aim of this paper was to determine baseline data for hematocrit and plasma chemistry values for healthy adult (excluding juveniles and chicks) male and female captive collared scops owls and crested serpent eagles, which may help improve captive management and veterinary care of both species of raptors. Taiwan (120°48′5.38′′E,  23°49′43 .22′′N). The station is situated at an elevation of 230 m and simulates natural breeding conditions. All birds were used in analyses due to previous injuries. Collared scops owls and crested serpent eagles were housed in openair, 3.6 × 1.5 × 2.4-m and 6 m×3 × 3-m aviaries under natural temperature and lighting. Tops and sides of aviaries were covered by wire netting, and each enclosure was equipped with wooden perches. Collared scops owls were fed a 1-dayold chick every day and provided with silk worms and fresh water ad libitum. Crested serpent eagles were fed dead laboratory mice or 1-day-old chicks every day and provided with fresh water ad libitum. These diets were chosen to be representative of the birds' natural diets [21] . Their health was regularly examined by a veterinarian during the study period, and we did not observe malnutrition or dehydration of owls and eagles at the clinic.
MATERIALS AND METHODS

Animals
Blood sample collection and analysis: All of these birds were deemed healthy based on normal behavior, normal appetite, typical weight and physical condition for each species. All birds had been in captivity and under daily supervision for at least 2 months before introduction into the study. Raptors were physically restrained with the aid of a falconer's hood and a towel. Blood (0.5, 1.5 ml) was collected between 10:00 and 15:00 by venipuncture from either the ulnar vein (collared scops owl and crested serpent eagle) or tarsal vein (crested serpent eagle) into sterile syringes with 25-and 23-gauge needles. The plasma samples were placed into lithium heparin plasma tubes (Mirotainer, Becton Dickinson and Company). All tubes were kept in portable refrigerators at 4°C until they reached the laboratory (within 2 hr following extraction). In the laboratory, the microcapillaries and tubes were centrifuged at 10,000 g for 5 min. The HCT was determined directly in a microhematocrit reader, and plasma was stored at −20°C until assayed.
The plasma chemistry of collared scops owls was determined using an automated clinical chemistry analyzer (DRI-CHEM 3000, Fujifilm, Tokyo, Japan). Fourteen parameters were measured using this machine including uric acid (UA), plasma urea nitrogen (BUN), total protein (TP), albumin (ALB), glucose (GLU), cholesterol (CHO), aspartate aminotransferase (AST), alanine aminotransferase (ALT), lactate dehydrogenase (LDH), alkaline phosphatase (ALP), total bilirubin (TBIL), creatine phosphokinase (CPK), amylase (AMY) and calcium (CA). The small size of the collared scops owl limited the quantity of plasma collected and therefore the measured parameters.
The plasma chemistry of crested serpent eagles was determined using an automated clinical chemistry analyzer (SPOTCHEM EZ SP-4430, ARKRAY, Kyoto, Japan). Seventeen parameters were measured using this machine including UA, BUN, TP, ALB, GLU, CHO, triglyceride (TG), AST, ALT, LDH, ALP, TBIL, creatine (CRE), CPK, AMY, CA and ionic phosphorous (IP), and three parameters, NA, K and CL ions, were assayed with an electrolyte analyzer (SPOTCHEM EL SE-1520 ARKRAY, Kyoto, Japan).
Statistical analysis: We performed all statistical analyses using Excel (Microsoft Excel, Microsoft Corporation, Redmond, WA, U.S.A.). We compared hematocrit and plasma chemistry for both sexes in both raptors. Mean, standard deviation and range of variation are presented for each parameter. Before comparing two independent groups, the data were tested for normality using the Kolmogorov-Smirnov test and for equal variance using Levene's median test. Data groups that passed both tests were compared by the parametric independent Student's t-test. If the normality and/or equal variance test was violated, the comparison was made by the nonparametric Mann-Whitney Rank Sum test. Differences were considered significant at P<0.05.
RESULTS
In collared scops owls, UA concentrations of males were significantly higher than those of females (9.98 ± 3.32 vs 7.47 ± 2.03 mg/dl, P<0.001) ( Table 1) . GLU concentrations in males were also significantly increased compared with female collared scops owls (375.89 ± 38.76 vs 345.71 ± 44.75 mg/dl, P<0.05). However, body weight and CPK levels in males were significantly lower (P<0.05) in male collared scops owls compared with female collared scops owls (180.95 ± 28.51 vs 200.53 ± 27.57 g and 285.83 ± 100.03 vs 418.87 ± 211.62 IU/l, respectively).
For crested serpent eagles, like collared scops owls, the body weights of males were significantly lower than those of females (1665.91 ± 223.11 vs 1965.33 ± 253.07 g, P<0.001) ( Table 2 ). There were no significant differences in any measured parameters between male and female eagles.
DISCUSSION
The main objective of this study was to determine baseline data of hematocrit and plasma chemistry values for healthy adult captive collared scops owls and crested serpent eagles. The results we obtained may help clinicians evaluate and clinically monitor animal disease and make decisions as to when to release healthy animals.
The HCT values of adult captive collared scops owls and adult captive crested serpent eagles were similar and lay within the ranges described for captive individuals of other raptors [13, 17, 19, 21, 30, 35] . In general, male birds are thought to have higher HCT than females, partly due to the erythropoietic effect of androgens [37, 35] . However, we did not observe differences in HCT between the sexes in either species of captive raptor. In addition, HCT in conjunction with TP is the easiest and least time-consuming means of assessing the hydration and anemic status of a bird [4, 22] . Captive birds receive a steady, continuous, high protein diet that provides an adequate supply of amino acids for the synthesis of plasma proteins [16] . The results of this study showed that the TP concentrations of both raptors were within the ranges previously described for common buzzards, black vultures [21, 35, 37] and other raptors [12, 16, 19, 21, 36] , although higher than those measured for goshawks, Spanish imperial eagles and California condors [13, 15, 24] .
The UA levels in collared scops owls and crested serpent eagles were similar to those found in other groups of raptors in captivity, such as common buzzards [21, 35] , goshawks [20, 24] , black vultures [37] , Spanish Imperial eagles [15] and California condors [13] . During the breeding season, males are under high energy demands as they hunt for themselves, the adult female and young [20] . Three to four male and female collared scops owls were housed within an enclosure, and their breeding behavior was observed. Males were observed to have high activity levels during breeding periods, potentially explaining the higher levels of UA measured among males. However, we did not observe breeding behavior for Great serpent eagles in the study period, and this might have been due to previous injuries. Thus, there was no difference in the UA levels among them.
The GLU levels obtained from collared scops owl and crested serpent eagles in this study were within the range of those measured for other groups of raptors in captivity, such as common buzzards [18, 21] , black vultures [37] , Spanish imperial eagles [16, 18] and California condors [13] . We are uncertain why the GLU value was significantly higher in male owls but suspect that there may be a correlation with significantly higher UA values among males.
Increases in BUN levels in avian species have been linked to dehydration [33] . Since the study animals were well hydrated, BUN levels may be lower than true normal values for birds in the wild. The CRE levels of crested serpent eagles in this study were within the range for raptors [19, 21] and higher than values observed in other adult captive raptors [15, 38] . The mean values of CHO in both raptors were similar to those of captive Spanish imperial eagles [15] , goshawks [20] , common buzzards [18] and California condors [13] but higher than those of black vultures [37] and eagle owls [24] . The mean TG values in crested serpent eagles were within the previously published ranges for other captive raptors, such as Spanish imperial eagles [15, 17] and black vultures [37] . Values differ between males and females. * Significant (P<0.05). ** Significant (P<0.01).
In both raptors, we found concentration ranges of the plasma enzymes ALT and AST to be similar to those reported by Hernandez et al. [21] and Dobado-Berrios et al. [12] for other captive raptors. However, interpretation of the variations in the activity of plasma enzymes is difficult, since their distribution in different tissues varies between species and may be affected by factors as diverse as muscular injury, rupture of organs, nutritional status, physical activity, hemolysis, treatment and conservation of plasma samples [36] . The mean AST levels measured in this study were within the wide range of enzyme levels measured in captive goshawks [24] . We measured AST values in crested serpent eagles similar to those described for other raptors [12, 19, 21, 35] , while collared scops owl values were comparatively lower. Values differ between males and females. * Significant (P<0.05). ***Significant (P<0.01).
LDH also occurs in most avian tissues [28] . We measured a wide range of LDH concentrations in collared scops owls, and the concentrations were similar to those reported for other raptors [19] . The crested serpent eagles in our study, on the other hand, had a relatively lower LDH concentrations.
The CPK levels were significantly lower among adult male owls, but the reason for this in unclear. According with Knuth and Chaplin [26] documented that flight training in captive red-tailed hawks improved the structural integrity of muscles and lowered plasma CPK levels [26] , and we observed a higher frequency of activity and flight among male owls. This result may explain why the CPK values were significantly lower among male collared scops owls. In contrast, the CPK levels were close to significantly higher in males than in females (263.81 ± 171.97 vs 172.00 ± 120.08 IU/l, P=0.052). In this study, eagles that had suffered a previous injury leading to long-term shelter could not be released to the wild, because they could not fly well and tended to be very sedentary in the aviary. Some authors have suggested that the CPK levels in plasma are inversely related to body weight [15, 34] , i.e., adult females with lower plasma CPK levels and lower metabolic rate [5] . This result may explain why the CPK levels were lower among adult female eagles. The results also were within the range of 220 U/l to 500 U/l reported for four other species of raptors [25] .
Sodium, potassium and chloride ion levels in adult captive crested serpent eagles fell within the ranges described for other adult captive raptors [15, 17, 19, 20, 36] . Captive raptors receiving chicken carcasses, rabbits and other whole food items obtain calcium from ingesting bones and other body parts. Therefore, calcium levels are lower in free-living raptors than in captive raptors [24] , and this is likely a direct outcome of dietary differences. Interestingly, captive birds fed only red meat (including muscle, heart and liver) were found to be deficient in calcium [11] . Plasma calcium and phosphorus levels were within the range of variation found for captive raptor species [16, 21, 24, 35, 37] .
Several studies have reported differences between captive and free-living individual black vultures and goshawks in plasma chemistry values [20, 24, 37] . Variability between different species in activity level and muscle tone, diet composition and quality and health status are suggested to be responsible for differences in the parameters investigated. In addition, previous studies indicate that handling stress [32] , amount of food ingested [23] and feeding pattern [29] are also potential sources of plasma chemistry variability between free-living and captive conditions. Therefore, care should be taken when using values from captive animals to interpret plasma chemistry of wild subjects [12] .
In conclusion, there were significant differences in body weight between sexes among adult captive collared scops owls and adult captive crested serpent eagles. Male and female collared scops owls differed significantly in the concentrations of UA, GLU and CPK. Males had higher GLU and UA concentrations than females, while the CPK concentration in males was lower than in females. There were no significant differences in any measured parameters between male and female eagles. This is the first study to document hematocrit and plasma chemistry reference values in adult captive collared scops owls and adult captive crested serpent eagles. This data will assist veterinarians and wildlife managers to make accurate healthcare decisions for both raptors. In the future, we will continue to collect and analyze blood parameters from free-ranging animals and captive juveniles and chicks of both species to understand whether hematocrit and plasma chemistry values are related to age, body size and sex.
